Between 1973 and 1985, 220 infants (age 1 day to 18 months, mean = 7 months) underwent repair of tetralogy of Fallot (TOF) or TOF/pulmonary atresia with 17 early deaths. Follow-up status was ascertained for 184 of 203 survivors (91%) at a postoperative interval of 2 to 185 months (mean = 60 months). Significant residual hemodynamic lesions included ventricular septal defect in three, and right ventricular outflow gradient in excess of 40 mm Hg in 24. Reoperation or interventional catheter procedures were performed in 31 of 184 (17%) patients. All postoperative electrocardiograms were reviewed; only two of 184 patients had ventricular ectopy on any tracing. Holter data from 41 patients revealed one with sinus node dysfunction, 12 with Lown grade 1 ectopy, and one with Lown grade 2 or greater. Conduction defects, evaluated by electrocardiographic and electrophysiologic measurements, were not different from those reported for TOF patients undergoing repair at later ages. No study patient received antiarrhythmic medication, although one required a pacemaker for sinus node dysfunction. There were three late deaths, all unrelated to arrhythmia. TOF repair in infancy appears to be associated with an acceptable hemodynamic outcome, and a low incidence of ventricular ectopy and sudden death at 5 year follow-up.
patients who underwent repair in later childhood or adult years. The overall hemodynamic results have been excellent, although there remains a disturbing incidence of ventricular ectopic activity (VEA) and/or sudden unexpected death at late follow-up (table 1) .
Residual hemodynamic abnormalities (e.g., infundibular obstruction) are often implicated as predisposing to this late malignant VEA 8, 11, 12, 17. 20, 21 but older age at time of repair has also been suggested as a risk factor. 3', 14, 16, 18, 22 Strict comparisons between these prior follow-up series and a group with infant TOF repair is difficult because of the aforementioned features peculiar to infant surgery. However, it remains of interest to examine the hemodynamic and electrophysiologic consequences of early primary repair, since this management scheme is widely employed for children born with TOF in this decade.
We undertook an analysis of late results, in a large subgroup of patients with TOF who all underwent repair before age 18 months, with attention to hemodynamic result and late arrhythmias. The study population consisted of all children undergoing repair at our center subsequent to the adoption of an institutional policy in 1973 recommending primary correction of TOF during infancy.
CIRCULATION 
Methods
Patients. The cardiology files of Children's Hospital, Boston, were examined for all patients who underwent repair of TOF or TOF/pulmonary atresia between 1973 and 1985 at an age less than or equal to 18 months. Patients with absent pulmonaryvalve or atrioventricular canal defects were excluded. Records of 220 eligible patients were reviewed for preoperative status, surgical technique, and early result. Seventeen patients died within 30 days of operation ("early deaths"). Follow-up status was ascertained for 184 of the 203 survivors (91%) at a postoperative interval of 2 to 185 months (mean = 60 months). Data were obtained by chart review if the subject was followed at our institution (131/184) orby phone/letter contact with the referring cardiologist if followed elsewhere (53/184). Nineteen patients were lost to follow-up, 12 of whom resided outside of this country.
Follow-up status was evaluated for: (1) hemodynamics, (2) reoperation or interventional catheterization, (3) arrhythmia and conduction defects, (4) cardiac medications, and (5) late death. Autopsy data were reviewed for the three children who died more than 30 days after surgery.
Hemodynamic data/chest x-ray. Postoperative hemodynamic data were available for 149/184 patients who were followed up. Data on 117 were obtained at routine postoperative catheterization, which had been departmental policy until 1985, and 12 subjects were catheterized early for suspected residual defects. Studies included measurement of right and left (retrograde) heart pressures, angiography, and a determination of cardiac output obtained by measurement of oxygen consumption. For 20 patients not undergoing catheterization, hemodynamics were extrapolated from postoperative pressure and saturation measurements that were obtained routinely in the intensive care unit via monitoring catheters in the right atrium, peripheral systemic artery, and pulmonary artery (with pullback to right ventricle). Such data can be considered a good approximation of surgical result.23 Hemodynamic data for the initial 40 subjects in this study were previously reported.2
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Electrophysiologic data. Electrophysiologic data were collected from 70 of 184 patients during postoperative catheterization. Measurements were made before angiography by previously described techniques24 25 and included maximum corrected sinus node recovery time, AH and HV intervals, and right ventricular apex activation time.
Electrocardiograms and ambulatory (Holter) monitoring. In all patients participating in the follow-up preoperative and serial postoperative 12-lead electrocardiograms (ECGs) were obtained. Every available postoperative ECG for a given patient was reviewed for atrial and ventricular ectopy and atrioventricular or intraventricular conduction disorders. Ectopy was diagnosed if it appeared on any postoperative ECG.
Twenty-four hour ambulatory (Holter) monitor data were available for 41 subjects. Ventricular ectopy was graded according to the Lown criteria,26 and the highest grade VEA was reported if a patient was monitored on more than one occasion.
Results
Patient profile/surgery/early result. Surgery was performed in 220 patients who were 1 day to 18 months (mean = 7.0 months) old and weighed 1.9 to 12.2 kg (mean = 6.5 kg). The anatomic diagnosis, as detailed in table 2, was "uncomplicated" TOF in 69%, "complicated" TOF in 20%, and TOF with pulmonary atresia in 11%. The indication for surgery was "spells" or significant resting cyanosis in 76%, and repair was elective in 24%. Only 5% had prior palliative procedures and these involved Blalock-Taussig shunts in 10 patients and a Waterston shunt in one infant. The surgery was performed under deep hypothermic circulatory arrest by a previously described technique.1 A patch across a hypoplastic or atretic pulmonary valve anulus was used in 85%, a nonvalved right ventricular to pulmonary artery conduit was used in 4%, and the pulmonary valve was preserved in 11%.
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Death occurred in 17 patients (8%) within 30 days of operation, and these infants generally had more complex lesions, as shown in table 2. For uncomplicated TOF, the early mortality was 5%.
Late results. Late follow-up status was ascertained for 184 of 203 (91%) surgical survivors, with a duration of follow-up ranging from 2 to 185 months (mean = 60 months). Data were "current" for 177 of the 184 patients who were followed up; the most recent clinical evaluation had been made within 24 months of this analysis.
Hemodynamics/CXR/reoperation. Postoperative hemodynamics for 149 patients participating in the follow-up were measured 2 days to 60 months after surgery (m = 15 months). As shown in figure 1, 141 patients had an intact ventricular septum or a trivial ventricular septal defect as judged by the ratio of pulmonary to systemic flow (Qp/Qs). Small to moderate ventricular septal defects were detected in five patients, and in three a large residual defect was found. For all catheterized patients, angiographic assessment of integrity of the ventricular septum was in agreement with the shunt calculation.
Right ventricular systolic pressure (mean ± SD) was 43 + 25 mm Hg, and end-diastolic pressure was 6 + 4 mm Hg. Residual right ventricular peak systolic gradients in excess of 40 mm Hg were observed in 24 patients who were followed up (figure 2), including five with right ventricular muscle bundles (double-cham-1064 bered right ventricle), three who had outgrown a right ventricular to pulmonary artery conduit, and 16 with residual infundibular or pulmonary artery narrowing. Left heart studies revealed normal ventricular systolic pressure in all but one patient with mild preexistent subaortic stenosis, and the mean left ventricular enddiastolic pressure was 7 + 3 mm Hg (mean ± SD). Indexed cardiac output was 4.2 + 1.4 liters/min/m2 (mean + SD). Miscellaneous residual lesions included peripheral pulmonary artery stenosis in 17, aortopulmonary collaterals in five, and mitral regurgitation in one patient.
Of the 130 patients participating in the follow-up who had a recent CXR, 39 had normal cardiac size and 68 had mild, 20 moderate, and three severe cardiomegaly at the time of last follow-up.
Reoperation has been necessary in 24 patients during the follow-up period, and interventional catheteriza- tion has been performed in seven (table 3) . Only 10% of those with uncomplicated TOF have required a second procedure, as opposed to 26% and 59% for complicated TOF or pulmonary atresia, respectively. Electrocardiograms, Holter recordings, and electrophysiologic data. All 184 followed patients underwent preoperative and serial postoperative electrocardiography. Since an electrocardiographic examination was a standard procedure at follow-up visits, the timing of the most recent electrocardiographic data was similar to that of the overall patient follow-up (mean = 60 months).
Arrhythmias (table 4) included sinus bradycardia in one patient, and isolated uniform ventricular premature beats in two patients. Atrioventricular conduction disturbances were limited to first-degree atrioventricular block in five patients. Analysis of intraventricular conduction revealed that all but 17 patients had right bundle branch block patterns, and 12 had concomitant left-axis deviation (left anterior hemiblock pattern). Holter data were limited to 42 recordings from 41 patients obtained 1 week to 150 months postoperatively (mean = 52 months). Although a policy of routine Holter monitoring after TOF repair is now in effect at our center, individual physician practice in past years has varied, and this was possibly a "selected" subset of patients who participated in the follow-up. The available data revealed 27 normal records, one with episodic sinus bradycardia and junctional escape rhythm, 12 with Lown grade 1 VEA, and one patient with VEA of Lown grade 2 or greater (table 5). This patient was monitored on two occasions. The first record was obtained 1 week after surgery primarily to evaluate atrioventricular conduction and it revealed rare couplets. The second recording was obtained 24 months postoperatively and revealed Lown grade 1 VEA.
Electrophysiologic data were collected from 70 of the patients who were followed up. One patient had a markedly prolonged corrected sinus node recovery time (4100 msec) that did not improve with administration of atropine. The AH interval was prolonged in two patients, and the HV interval was prolonged in three. Delayed right ventricular apex activation was observed in 22 patients, consistent with "central" right bundle branch block.27 28 Symptomatic arrhythmias/late death. None of the 184 patients is currently receiving antiarrhythmic drugs. Five patients take digoxin, one takes diuretics, and one patient is on anticoagulants for a prosthetic valve. Symptomatic arrhythmia has occurred in only one patient with postoperative sinus bradycardia who had poor exercise tolerance and an episode of near syncope 48 months postoperatively. His Holter recording revealed depressed sinus node activity but no VEA. Sinus node function at electrophysiologic study was grossly abnormal, as described above. A pacemaker was implanted with resolution of symptoms.
There were three late deaths. One patient had trisomy 21 and a postoperative course complicated by persistent congestive heart failure and an episode of endocarditis. He died at home 6 months after surgery following subacute onset of respiratory distress, and at autopsy had cardiomegaly and large bilateral pleural effusions. It is presumed that this was a cardiorespiratory and not an arrhythmic event. The second patient died 14 months after surgery with necrotizing pneumonitis and encephalitis from adenoviral infection. A third patient with large aortopulmonary collaterals developed pulmonary vascular disease and died 8 years postoperatively secondary to progressive cyanosis and right heart failure.
Discussion
Between 1973 and 1985, primary repair of TOF in 220 patients was associated with an early mortality of 5% for uncomplicated lesions, 8% when complex variants were included. This compares favorably with reports for both staged and primary repairs in older patients, 8, 11, 19 . 29 and has resulted in increased utilization of early primary corrections. Data on late survival (only three late deaths, two from cardiac causes) were likewise encouraging in these 184 patients.
Postoperative hemodynamics and the rate of reoperation were acceptable. Estimates of 4% to 15% reoperation have been reported for patients undergoing repair at older ages,8' 11, 19 many of whom had already been exposed to the risk of initial palliative surgery. Except in our patients with pulmonary atresia, in whom surgical revisions were often anticipated, the overall risk of reoperation for early primary repair was not excessive (table 3) .
One hemodynamic variable deserving of discussion is pulmonary valve incompetence, which was present in 89% of our patients with transannular patches or nonvalved conduits. To date, new pulmonary valve insertion has not been necessary in this group. Elevated right ventricular end-diastolic pressure, which can be a rough indicator of unacceptable volume loads, was not seen in the absence of other residual defects (e.g., large VSD, severe right ventricular outflow tract stenosis, mitral regurgitation), although 18% of patients participating in the follow-up had at least moderate cardiomegaly on a late x-ray that may have been related to pulmonary insufficiency. Echo/Doppler grading of regurgitation and right ventricular size (not available for most study patients) will assist in evaluating the long-term impact of this variable, but thus far pulmonary insufficiency in an otherwise well-repaired patient has been well tolerated.
The incidence and severity of VEA was quite low at 1 to 15 years (mean = 5 years) follow-up. There have been no late deaths that could be attributed to arrhythmia or conduction defects, and this contrasts with estimates of 0.5% to 5.8% in prior series with similar follow-up duration (table 1) . Ectopy on the ECG (admittedly an insensitive indicator of true arrhythmia frequency) has been well described in 2% to 19% of subjects in past reports, but was seen in only 1% of patients who were followed up. Holter recordings from 41 of these patients likewise suggested a low degree of VEA. Prior series have reported ventricular ectopy in 42% to 77% of patients with repaired TOF and VEA of Lown grade 2 or greater in 17% to 44%. We observed low-grade VEA in 12 of 41 monitored patients at follow-up and transient couplets in one. The practical result of such data was that no patient in the present series was receiving antiarrhythmic medications at time of follow-up.
The incidence of right bundle branch block, left anterior hemiblock, and atrioventricular conduction disorders among the present subjects did not differ substantially from that reported previously,7`9 as judged by electrocardiographic and electrophysiologic measurements. A notable finding was sinus node dysfunction in one patient who was followed up, which is an unusual but reported7' 9 post-TOF complication. The exact reason for the apparent low incidence of arrhythmia is unclear. Surgical technique, absolute patient age, and duration of follow-up20 are all possible factors. However, early relief of the hemodynamic burden of unrepaired TOF must be considered. Among TOF patients repaired at older ages, there is a reported trend toward higher grade VEA or sudden late death with later repair.13' 14 Additionally, high-grade VEA has been detected in older patients with TOF even before surgical intervention. 16' 30 Our data support the contention that early relief of right ventricular hypertension, normalization of left ventricular volume, and correction of systemic desaturation may modify the incidence of later arrhythmias.
Longer prospective follow-up of this group (including complete Holter data) is needed, and is currently underway. Such data may provide a clearer understanding of the influence of timing of repair, as an independent variable, on arrhythmias and late death in these patients. Nevertheless, our initial observations indicate an optimistic electrophysiologic outlook that appears to be an additional, if not unexpected, benefit of early primary repair for TOF and related lesions.
We express our appreciation to the many referring cardiologists who were so generous with their time and provided follow-up data on study patients.
